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Description 

DATA CONVERTER WITH BACKGROUND 
AUTO-ZEROING VIA ACTIVE 
INTERPOLATION 

Cross Reference To Related Applications 

[0001] The following is a continuation-in-part of co-pending ap- 
plication 10/063,204, filed 03/28/2002. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a data converter, and 

more particularly, an analog to digital data converter us- 
ing active interpolation to realize background auto-ze- 
roing. 

[0004] 2. Description of the Prior Art 

[0005] using digital signals for information transmitting, pro- 
cessing and storing is an important foundation of the in- 
formation industry. A digital signal is basically composed 
of a high state and a low state, so the digital signal has a 



high noise tolerance. In addition, the digital signals can be 
processed in a modular design. Therefore, circuits for 
transmitting, processing, and storing digital signals are 
key issues in the information industry. 
[0006] All signals are essentially analog signals that vary contin- 
uously, such as human voices, natural light, and so on. A 
data converter, which can convert analog data to digital, is 
needed for processing analog signals into digital form. 
Digital signals are really continuous analog signals. In a 
digital signal, while the waveform of the signal varies, for 
instance from a high state to a low state, a transient state 
exists. The transient state comprises a rising edge and a 
falling edge. Thus, the waveform of the digital signal is 
not a perfect square wave. Digital signals are less ideal 
when the digital signals are frequently switched between 
different states. For processing the non-ideal digital sig- 
nals, an analog to digital data converter is needed to ob- 
tain digital signals with more ideal characteristics. For this 
purpose, data converters must operate rapidly and con- 
tinuously to obtain high frequency digital signals in real 
time. 

[0007] please refer to Fig.l of a schematic diagram of a prior 

flash data converter 10, which is used to convert an ana- 



log input signal Vin to a corresponding digital signal. The 
data converter 10 comprises a voltage dividing circuit 12, 
an encoding circuit 16, and a plurality of comparison units 
14. In Fig.l, eight comparison units are shown by way of 
example. The voltage dividing circuit 12 comprises a plu- 
rality of resistors such as Ra, Rb, and Rc for dividing a 
voltage Vdc into different reference voltages Vrl to Vr8 
respectively at each node. Each of the comparison units 
14 comprises an amplifier 18 and a latch circuit 19. The 
amplifier 18 receives the reference voltage generated by 
the voltage dividing circuit 12, and an input signal Vin for 
amplifying the difference between these two input signals 
to generate a corresponding signal to the latch circuit 19. 
The latch circuit 19 is triggered by a clock vclock to con- 
vert the output signal of the amplifier 18 to a digital sig- 
nal in a high or low state. This converted digital signal is 
output to the encoding circuit 16. The encoding circuit 16 
processes (for example, corrects) and encodes the digital 
signals generated by the comparison units 14. 
[0008] please refer to Fig. 2 of a timing diagram of the clock 

vclock, the input signals Vin, and the output digital sig- 
nals of each comparison unit while the prior data con- 
verter 10 operates. The transverse axis in Fig. 2 is time. 



When the analog input signal Vin reaches the data con- 
verter 10, the amplifier 18 compares the input signal Vin 
with the corresponding reference voltage and outputs a 
comparison result to the latch circuit 19. According to the 
comparison result and a trigger of the clock vclock, the 
latch circuit 19 outputs a digital signal in a high state, 
which is shown by 1, or a low state, which is shown by 0. 
For example, at time tl, if the input signal Vin is less than 
the reference voltages Vrl and Vr2 but more than the ref- 
erence voltages Vr3 to Vr8, then the latch circuit 19 is 
triggered by the negative edge of the clock vclock (which 
is shown by arrows) and outputs digital signals as 0, 0, 1, 
1, 1, 1, 1, and 1. In this manner, the input signal Vin at 
time tl can be converted to a digital signal (0, 0, 1, 1, 1, 
1, 1, 1). The encoding circuit 16 can encode the digital 
signal in advance, such as 011. 
[0009] For the purpose of converting input analog signals to dig- 
ital signals correctly, each amplifier must respond to the 
relationship between the input signal Vin and the refer- 
ence voltage correctly. In a real circuit, each comparison 
unit generates an offset voltage due to the non-ideal 
characteristics of the device. This means the comparison 
unit adds the offset voltage to the input signal Vin and 



then compares the modified input signal Vin with the ref- 
erence voltage. Thus, the comparison is not performed in 
an ideal operation situation. Additionally, if each compari- 
son unit has different offset voltages, the data converter 
10 is affected, and converts signals incorrectly. 
[0010] jo adjust for the offset voltage in the comparison units, 
an auto-zeroing process is used to solve the problem. 
Please refer to Fig. 3 of a schematic diagram of a data 
converter 20 in the prior art. The data converter com- 
prises a voltage dividing circuit 22 for providing reference 
voltages Vrl to Vr4, four comparison units 24A to 24D, 
auxiliary circuits 26A and 26B, and an encoding circuit 28. 
The comparison units 24A to 24D have the same struc- 
ture. The comparison unit 24A comprises four switches 
SP1, SP2, SP3 and SP4, a differential amplifier Ka with one 
output end and two input ends, a capacitor CO, and a 
latch circuit Ja. The switches SP1 to SP4 are controlled by a 
control signal vcl and an inverted signal of the control 
signal vcl, shown as 



vd 



. The amplifier Ka comprises a feedback circuit controlled 
by the switch SP3 electrically connected to the input end 
Pll and the output end P12. The other input end of the 
amplifier Ka is electrically connected to a common mode 
voltage VO. The latch circuit Ja is triggered by the clock 
vclock. Each comparison unit is electrically connected to a 
resistor Rc. 

1 ] The data converter 20 operates as follows. The amplifier 
compares the input signal Vin with the reference voltage 
and outputs the comparison result to the latch circuit. The 
latch circuit is then triggered by the clock vclock to gen- 
erate a digital signal. To compensate for the offset voltage 



generated in the amplifiers, the switches in each compari- 
son unit conduct or open to allow each comparison unit to 
perform a comparing process or, alternatively, an auto- 
zeroing process. The comparison unit 24C shown in Fig. 3 
is in the auto-zeroing process. Please notice that the 
switches in the comparison unit 24C can conduct the 
feedback circuit of the amplifier Kc, and the capacitor can 
be also electrically connected to a corresponding refer- 
ence voltage Vr3. At this time, the reference voltage Vr3 
charges the capacitor CO via the switch SP2 in the com- 
parison unit 24C. When the feedback circuit conducts, a 
closed loop is formed at the node P31 so that the ampli- 
fier Kc is virtually grounded to the common mode voltage 
VO. Thus, the charge amount in the capacitor CO is de- 
pendent on the reference voltage Vr3. The charge amount 
is enough to compensate for the offset voltage of the am- 
plifier Kc, and the goal of auto-zeroing is achieved. 
[0012] After the auto-zeroing process, each comparison unit 

switches to a comparing process and compares the input 
signal with the reference voltage. Then, a corresponding 
digital signal is output from the latch circuit. For example, 
the comparison unit 24A shown in Fig. 3 is performing a 
comparison process. Please notice that the switch SP3 is 



opened so that the feedback circuit does not conduct and 
place the amplifier Ka in an open loop. The signal Vin is 
input to the capacitor CO via the switch SP1 so that volt- 
ages on both terminals of the capacitor CO are modified. 
Since the charge amount of the capacitor CO in the auto- 
zeroing process corresponds to the reference voltage, the 
voltage on node Pll corresponds to a comparison result 
between the input signal Vin and the reference voltage. 
This comparison result is sent to node P12 by the ampli- 
fier Ka. Finally, the comparison result is output to the 
latch circuit Ja via the switch SP4 and converted to a digi- 
tal signal according to the trigger of the clock vclock. 
Thus, the purpose of comparing the input signal Vin and 
the reference voltage, and converting the input signal Vin, 
is achieved. 

[0013] Next, please refer to Fig. 4 of a timing diagram of the con- 
trol signals vcl to vc4 and the clock vclock in the compar- 
ison units of the data converter 20. The transverse axis in 
Fig. 4 is time. Among the control signals vcl to vc4, the 
signals in the high state control corresponding switches to 
conduct, and the signals in the low state control corre- 
sponding switches to open. The negative edge of the 
clock vclock triggers the latch circuit to latch digital sig- 



nals. At time T2, the control signal vc3, which is in the 
high state, controls all switches in the comparison unit 
24C to keep the comparison unit 24C in an auto-zeroing 
process during period Tz. At this time, the control signals 
vcl, vc2 and vc4, which are in the low state, keep the 
comparison units 24A, 24B, and 24D in the comparing 
processes respectively. Thus, the input signal Vin is com- 
pared with the reference voltage in each comparison unit 
and converted to a digital signal. 
[0014] At time t2, the data converter 20 has only three compari- 
son units performing the comparing process. The com- 
parison unit 24C performs the auto-zeroing process and 
therefore no comparison result is available. However, the 
comparison unit 24B is electrically connected to the com- 
parison unit 24D via the resistor Rc. A comparison result 
for the comparison unit 24C in the auto-zeroing process 
is generated by an interpolation method. The theory of 
the interpolation method is illustrated in Fig. 5 of a 
schematic diagram of converting curves of amplifiers Kl 
in the comparison units 24B to 24D. The transverse axis 
in Fig. 5 is the input voltage of the amplifier Kl that is dif- 
ferentially input. The longitudinal axis is the output volt- 
age of the amplifier Kl. The converting curves TP2 to TP4 



correspond to the amplifier in the comparison units 24B 
to 24D respectively. The voltage Vk is a standard voltage 
for a latch circuit K2 to output a high or low digital signal. 
That means if the output voltage of the amplifier is higher 
or lower than the standard voltage Vk, the corresponding 
latch circuit generates a digital signal in a high or low 
state. 

[0015] As shown in Fig. 3, when the comparison unit 24C is in the 
auto-zeroing process, the input of the latch circuit Jc, 
which is the voltage at the node P33, is dependent on the 
outputs of the amplifier Kb and Kd. When the comparison 
unit 24C performs the auto-zeroing process, the voltage 
of the comparison unit 24C is the interpolated value of 
the output voltages of the amplifiers Kb and Kd. Thus, the 
voltage characteristic at node P33 is an average of the 
converting curves TP2 and TP4 along the longitudinal axis 
in Fig. 5. Using the average of the converting curves TP2 
and TP4 to obtain another converting curve TP3z is shown 
by arrow 27. If the converting curves TP2 and TP4 of the 
amplifiers Kb and Kd are both approximately linear and 
the reference voltage Vr3 is designated as an average 
value of the reference voltages Vr2 and Vr4, the average 
converting curve TP3z intersects the output voltage Vk on 



the longitudinal axis at the reference voltage Vr3 on the 
transverse axis. 

[0016] As described above, when the comparison unit 24C per- 
forms the auto-zeroing process, the converting curve TP3 
of the amplifier Kc is replaced by the converting curve 
TP3z that is obtained from the amplifiers Kb and Kd. The 
converting curve TP3z is not equal to the converting curve 
TP3. However, if the converting curve TP3z and the volt- 
age Vk on the longitudinal axis intersect at the reference 
voltage Vr3 on the transverse axis, the converting curve 
TP3z at the node P33 can drive the latch circuit Jc. That 
means if the voltage at the node P33 is higher or lower 
than the standard voltage Vk, the corresponding latch cir- 
cuit generates a digital signal in a high or low state re- 
spectively. Although the comparison unit 24C in the auto- 
zeroing process does not compare the input signal Vin 
with the reference voltage at the same time, a comparison 
result can be obtained by the interpolation of the adjacent 
comparison units. 

[0017] As shown in Fig. 4, the data converter 20 has only one 

comparison unit in the auto-zeroing process at any time. 
The two adjacent comparison units, via the resistor net- 
work that is composed of the resistor Rc, interpolate the 



comparison result of the comparison unit in the auto- 
zeroing process. If the comparison unit 24A or 24D per- 
form the auto-zeroing process, the comparison result is 
interpolated by the auxiliary circuits 26A or 26B and the 
comparison unit 24B or 24C. 

[0018] while the data converter 20 converts analog signals to 
digital signals, each comparison unit performs the auto- 
zeroing process in turn. While one comparison unit is in 
the auto-zeroing process, its comparison result comes 
from other comparison units by an interpolating method 
via the resistor network, so that the data converter 20 op- 
erates with full functionality. However, a transient effect 
happens while the resistor network interacts with the ca- 
pacitors in the data converter 20. When the comparison 
units generate a replacement comparison result via the 
resistor network, signals are delayed due to the RC con- 
stant so that the input bandwidth of the conventional data 
converter 20 is limited. The resistor network of the resis- 
tor Rc also increases the complexity and costs of circuit 
design and manufacture. 

[0019] Additionally, the converting curve of each amplifier must 
have a large linear range so that the converting curve can 
be interpolated correctly. As shown in Fig. 5, the convert- 



ing curve TP2 and TP4 near the reference voltage Vr3 had 
better be linear so that the converting curve TP3z, which 
intersects with the voltage Vk at the reference voltage Vr3, 
can be averaged correctly. If the converting curves TP2 
and TP4 near the reference voltage Vr3 are not linear, the 
curve TP3z will incorrectly replace the converting curve 
TP3. As known, the above paragraph is suitable for some 
special cases, for example, 2X interpolation. In other 
cases, the amplifier need not be linear near Vr3. The ac- 
curacy of the interpolated Vr3 depends on the odd sym- 
metry of the I/O characteristics of the amplifier. The com- 
parison units also perform the auto-zeroing process one 
by one, and thus different control signals for each com- 
parison unit are required. For instance, four control sig- 
nals are required for the four comparison units shown in 

Fig. 4. The resulting circuit design is complicated. 
Summary of Invention 

[0020] it is therefore a primary objective of the claimed invention 
to provide a data converter with background auto-zeroing 
via an active interpolation to solve the above-mentioned 
problem. 

[0021] According to the claimed invention, the data converter 

comprises two sets of comparison units arranged in an in- 



terlaced manner to alternatively accept the input signal to 
generate digital signals corresponding to the result of 
comparing the input and reference signals. The digital 
signal is generated by the comparison units in a differen- 
tial way. When the comparison units of one set are per- 
forming auto-zeroing, the comparison units of the other 
set perform the data conversion to generate correspond- 
ing digital signals. The digital signals of the comparison 
unit of the set undergoing auto-zeroing are generated in 
active interpolation based on the digital signals from the 
comparison units of the other set undergoing the data 
converting process. 

[0022] it i S an advantage of the claimed invention that the com- 
parison units of one set are performing auto-zeroing, and 
the comparison units of the other set perform the data 
conversion to generate corresponding digital signals si- 
multaneously.ln addition, the active interpolation in the 
claimed invention simplifies the circuit layouts so that the 
design and manufacturing time and costs are reduced. 
Moreover, result achieved by the active interpolation in 
the claimed invention is less sensitive to the non-linear 
characteristic of the converting curves. 

[0023] These and other objectives of the claimed invention will 



no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0024] pig.l is a schematic diagram of a prior art data converter. 

[0025] Fig. 2 is a timing diagram of related signals of Fig.l. 

[0026] pig. 3 is a schematic diagram of another prior art data 
converter. 

[0027] Fig. 4 is a timing diagram of related signals and clock of 
Fig. 3. 

[0028] Fig. 5 is a schematic diagram of related converting curves 
of Fig. 3. 

[0029] Fig. 6 is a schematic diagram of a first data converter ac- 
cording to the present invention. 

[0030] Fig. 7 is a timing diagram of related signals and clock of 
Fig. 6. 

[0031] Fig. 8 is a schematic diagram of converting curves of each 

comparison unit in Fig. 6. 
[0032] Fig. 9 is a schematic diagram of interpolated converting 

curves of comparison units in Fig. 6. 
[0033] Fig. 10 is a schematic diagram of the data converter in 



Fig. 6 in another operating state. 
[0034] Fig. 11 is a schematic diagram of interpolated converting 

curves of comparison units in Fig. 10. 
[0035] Fig. 12 is a schematic diagram of a second data converter 

according to the present invention. 
[0036] Fig. 13 is a schematic diagram of an output unit shown in 

Fig. 12. 

[0037] Fig. 14 is a schematic diagram of converting curves of 

comparison unitsshownin Fig. 12 and Fig. 13. 
Detailed Description 

[0038] please refer to Fig. 6 of a schematic diagram of a first data 
converter 30 in the present invention. The data converter 
30 is an analog to digital data converter in a differential 
manner. In another words, the data converter 30 converts 
a difference of two analog input signals, which are Vin+ 
and Vin-, to a digital signal. The data converter 30 com- 
prises a voltage dividing circuit 32, auxiliary circuits 36A 
and 36B, an encoding circuit 38, and a plurality of com- 
parison units. For example, four comparison units 34A to 
34D are shown in Fig. 6. To operate in a differential man- 
ner, the voltage dividing circuit 32 generates reference 
voltages Vrla to Vr4a and Vrlb to Vr4b via resistors and 
biased circuits 32A and 32B. Since the voltage dividing 



circuit 32 is similar to those in the prior art, it is obvious 
without any detailed description. 
[0039] Each comparison unit has the same structure. For exam- 
ple, the comparison unit 34B comprises eight switches SI 
to S8 which are controlled by control signals AZ1, Az, and 
AZ2, wherein the switches in the comparison units 34A 
and 34C are controlled by control signals AZla and AZ2a 
and an inverted signal of Az. The switches SI, S2 and S5~ 
S8 can be transistors or transmission gates, and the 
switches S3 and S4 must be transmission gates. The com- 
parison unit 34B also comprises a differential amplifier Qb 
comprising two differential input ends, a positive output 
end 42B and a negative output end 42A. The amplifier Qb 
comprises feedback circuits between both groups of I/O 
terminals that are controlled by switches S5 and S6 re- 
spectively. Both input ends are electrically connected to 
capacitors C. The other end of the capacitor C is con- 
trolled by switches and electrically connected to a refer- 
ence voltage or an input signal alternatively. The compari- 
son unit 34B further comprises a latchcircuit 40b for 
latching the amplifier Qb according to a clock vp and gen- 
erating a corresponding digital signal. For matching the 
differential output of the amplifier Qb, the latch circuit 



40b also works in a differential manner. In another words, 
if the input at 44A is larger than the input at 44B, the 
latch circuit 40b outputs a digital signal in a high state. In 
the same manner, a digital signal in a low state is output 
if the input at 44B is larger than the input at 44A. Please 
note that some electric routes are placed between the 
latch circuits of comparison units. For example, the input 
end 44A of the latch circuit 40b is electrically connected 
to an input end of another latch circuit 40a. The other in- 
put end 44B of the latch circuit 40b is electrically con- 
nected to an input end of the latch circuit 40c. 
[0040] please refer to Fig. 7; a timing diagram of the control sig- 
nals Az, AZ1, AZ2, AZla and AZ2a and the clock vp is 
shown. The transverse axis in Fig. 7 is time. Each control 
signal controls corresponding switches to conduct in the 
high state and open in the low state. At time t3, the con- 
trol signal Az controls corresponding switches to open so 
that closed loops are formed by the feedback circuits of 
the amplifier Qb of the comparison units 34B and the 
feedback circuits of the amplifier Qd of the comparison 
units 34D. Capacitors C of the comparison units described 
above are electrically connected to reference voltages 
Vr2a, Vr2b, Vr4a, and Vr4b respectively. The outputs of 



amplifiers Qb and Qd are electrically disconnected from 
the latch circuits 40b and 40d. At this time, the compari- 
son units 34B and 34D are in the auto-zeroing process. A 
comparison unit in the auto-zeroing process charges the 
capacitor C according to the reference voltage so that the 
offset voltage is cancelled. Please notice the timing dia- 
gram shown in Fig. 7. When the control signal Az is in the 
low state, the comparison units 34B and 34D are in the 
auto-zeroing process. The switches of the feedback cir- 
cuit that control these two amplifiers conduct at first, 
which means the control signal AZ2 raises to the high 
state, so that the capacitor is charged to cancel the offset 
voltage. After that, the control signal AZ1 raises to the 
high state and electrically connects the capacitors C to the 
reference voltages for charging the capacitors C. 
[0041] | n contrast with the comparison units 34B and 34D in the 
auto-zeroing process, the comparison units 34A and 34C 
are in the comparing process. At this time, the switches 
controlled by the control signal AZ2a are opened and do 
not conduct to the feedback circuits of the amplifier Qa 
and Qc so that these two amplifiers are in open loops. The 
switches S3 and S4 controlled by the inverted signal of the 
control signal Az electrically connect the capacitor C to 



the input signals Vin+ and Vin-. The input signals are 
electrically coupled to the amplifier. Then, the differential 
input signals are compared with the reference voltage and 
the comparison result is output to the corresponding latch 
circuit in the differential manner. Therefore, the latch cir- 
cuit generates corresponding digital signals to achieve the 
purpose of converting analog signals to digital signals. 

[0042] As described above, the data converter 30 in the present 
invention is divided into two groups arranged in an inter- 
laced manner. At the same time, half of the comparison 
units perform the auto-zeroing process and the other half 
performs the comparing process. To maintain the normal 
operating functions of the data converter 30, an active in- 
terpolation is performed to generate the output of the 
comparison units that perform the auto-zeroing process. 

[0043] please refer to Fig. 8 of a schematic diagram of converting 
curves of positive output ends and negative output ends 
of the amplifiers Qa to Qd. The transverse axis of Fig. 8 is 
differential input voltage. The longitudinal axis of Fig. 8 is 
output voltage. Converting curves Tl to T4 are the con- 
verting curves of the positive ends of the amplifiers Qa to 
Qd and the converting curves Tli to T4i are the converting 
curves of the negative ends of the amplifiers Qa to Qd. A 



reference voltage Vrl marked on the transverse axis cor- 
responds to reference voltages Vrla and Vrlb. In the 
same manner, reference voltages Vr2, Vr3, and Vr4 also 
correspond to Vr2a, Vr2b, Vr3a, Vr3b, Vr4a, and Vr4b. 
The comparing process of the input signals and the refer- 
ence voltage of the amplifiers are performed as following. 
When the differential input signals of the comparison unit, 
for instance 34A, are larger than the reference voltage Vrl 
such as Vdl, the output voltage Voi of the positive end of 
the amplifier Qa, which is described in the converting 
curve Tli, is larger than the output voltage Vo of the neg- 
ative end, which is described in the converting curve Tl. 
The latch circuit 40a responds to the output voltage Voi 
and Vo to generate an output in a differential manner, for 
instance in a high state. If the differential input voltage 
Vd2 is less than the reference voltage Vrl, the output 
voltage of the negative end is larger than the output volt- 
age Vo of the positive end. The latch circuit 40a generates 
an output in a low state. 
[0044] The intersection of the converting curves of output of the 
positive and corresponding negative ends are the refer- 
ence voltages in the transverse axis used to trigger the 
corresponding latch circuit by the amplifier so that the 



state of the output signals is changed. Next, please refer 
to Fig. 9 of a schematic diagram of replacing the compari- 
son unit 34B in an active interpolation. The transverse 
axis and longitudinal axis are the same as Fig. 8. Convert- 
ing curves Tl, T2, T2i and T3 are respectively related to a 
positive output end of the amplifier Qa, a positive output 
end of the amplifier Qb, a negative output end of the am- 
plifier Qb and a positive output end of the amplifier Qc. 
When the comparison unit 34B performs the auto-zeroing 
process, the negative output end of the amplifier Qa and 
the positive output end of the amplifier Qc are electrically 
connected to the differential input end of the latch circuit 
40b as shown in Fig. 6. At this time, output digital signals 
of the latch circuit 40b are determined by output of the 
negative output end of the amplifier Qa and the positive 
output end of the amplifier Qc. Converting curves of these 
two output ends are illustrated as the converting curves 
Tli and T3 in Fig. 9. If the reference voltage Vr2 is the in- 
terpolation of the reference voltage Vrl and Vr3, which 
can be achieved by proper design, the intersection of the 
converting curve Tli and T3 is corresponding to the refer- 
ence voltage Vr2 on the transverse axis. The converting 
characteristic of the interpolation of the converting curves 



Tli and T3 is different from the converting characteristics 
of the original converting curves T2 and T2i of the ampli- 
fier Qb., However, the latch circuit corresponding to the 
amplifier Qb is driven in a differential manner. Thus, the 
converting curves Tli and T3 intersect at the reference 
voltage Vr2 on the transverse axis correctly and the latch 
circuit operates correctly. If the differential signal is larger 
than the reference voltage Vr2, the output signal of the 
negative output end of the amplifier Qa is larger than the 
output voltage. If the comparison unit 34B performs the 
auto-zeroing process, the latch circuit 40b, which receives 
the output of the negative output end of the amplifier Qa 
and the positive output end of the amplifier Qc, generates 
a digital signal in the high state. Relatively, if the differen- 
tial input signal is less than the reference voltage Vr2, the 
output voltage of the negative output end of the amplifier 
Qa is less than that of the positive output end of the am- 
plifier Qc, and the latch circuit 40n generates a digital 
signal in the low state. The comparison unit Qb that is 
performing the auto-zeroing process, is replaced by an 
interpolation of the output of the amplifier Qa and Qc in- 
stead of the average of resistor network. 
[0045] As shown in Fig. 6 and Fig. 7, when half of the comparison 



units perform the auto-zeroing process, the other com- 
parison units perform the comparison process for com- 
paring the differential input signal with a reference volt- 
age of each comparison unit. The corresponding latch cir- 
cuit generating a digital signal based upon the compari- 
son result. At the same time, the comparison units per- 
forming the comparison process generate digital signals 
for the comparison units performing auto-zeroing pro- 
cess. As shown in Fig. 6, the comparison units 34A and 
34C perform the comparing process and the other com- 
parison units 34B and 34D perform the auto-zeroing pro- 
cess at time t3 shown in Fig. 7. The comparing function of 
the comparison unit 34B is replaced by using an active in- 
terpolation between the comparison units 34A and 34C. 
The comparing function of the comparison unit 34D is re- 
placed by using an active interpolation between the com- 
parison unit 34C and the auxiliary circuit 36B. In practice, 
the auxiliary circuit 36B can be also a comparison unit. In 
this design, the auxiliary circuit is similar to a circuit be- 
tween the comparison unit 34A to 34D, but the latch cir- 
cuit in the auxiliary circuit 36B can be an equivalent load- 
ing circuit because the auxiliary circuit does not need to 
generate digital signals but provides an output voltage for 



the amplifier to interpolate actively with the comparison 
unit 34C for replacing the comparison unit 34D in the 
auto-zeroing process. 
[0046] please refer to Fig. 10 of a schematic diagram of an oper- 
ating state of the data converter 30 at the time t4 shown 
in Fig. 7. At this time, the comparison units 34A and 34c 
perform the auto-zeroing process, and the comparison 
units 34B and 34D perform the comparing process. The 
comparing function of the comparison unit 34C is re- 
placed by an active interpolation between the comparison 
units 34B and 34D and that of the comparison unit 34A is 
replaced by an active interpolation between the auxiliary 
circuit 36A and the comparison unit 34B. The auxiliary 
circuit 36A is substantially the same as the auxiliary cir- 
cuit 36B. Please refer to Fig. 11 of a schematic diagram of 
replacing the comparing function of the comparison unit 
34C by an active interpolation between the comparison 
units 34B and 34D. Fig. 11 is similar to Fig. 8 and Fig. 9. 
Converting curves T2, T3 and T4i are converting curves of 
the negative output end of the amplifier Qb, the negative 
output end of the amplifier Qc, and the positive output 
end of the amplifier Qd. Please notice that the negative 
output end of the amplifier Qb in the comparison unit 34B 



and the positive output end of the amplifier Qd in the 
comparison unit 34D is used to replace the negative and 
positive output ends of the amplifier Qc of the comparison 
unit 34C. As known, the interpolation is different from the 
case shown in Fig. 9. If the converting curves T2 and T4i 
intersect at the reference voltage Vr3 on the transverse 
axis, the converting curves T2 and T4i are still able to 
drive the latch circuit 40c in the comparison unit 34C cor- 
rectly and a differential drive formed by the converting 
curves t3 and T3i of the amplifier Qc is replaced. 
[0047] please refer to Fig. 12, which is a schematic diagram of a 
second data converter 60 according to the present inven- 
tion. The data converter 60 is an analog to digital data 
converter that performs in a differential manner. In an- 
other words, the data converter 60 converts a difference 
of two analog input signals, which are Vin+ and Vin-, to 
digital signals such as digital bits. The data converter 60 
comprises a voltage dividing circuit 62, a plurality of com- 
parison units 64a, 64b, 64c, 64d, and an output unit 66. 
Please note that only four comparison units 64a, 64b, 
64c, 64d are shown in Fig. 12. However, the total number 
of comparison units used in the data converter 60 accord- 
ing to the present invention is not limited. To operate in a 



differential manner, the voltage dividing circuit 62 gener- 
ates reference voltages Vrla, Vr2a, Vrlb,and Vr2b via re- 
sistors and biased circuits 63A and 63B. Since the voltage 
dividing circuit 62 is similar to those in the prior art, it 
should require no further description. 
[0048] Each comparison unit has the same structure. For exam- 
ple, the comparison unit 64b comprises eight switches SI 
to S8 which are controlled by control signals AZ1, Az, and 
AZ2, wherein the switches in the comparison units 64A 
and 64C are controlled by control signals AZla and AZ2a 
and an inverted signal of Az. The comparison unit 64b 
also comprises a differential amplifier Qb comprising two 
differential input ends, a positive output end and a nega- 
tive output end. In addition, the amplifier Qb comprises 
two feedback circuits controlled by switches S5 and S6 re- 
spectively. Both input ends are electrically connected to 
capacitors C. The other ends of the capacitors C are con- 
trolled by switches S3, S4 and are electrically connected to 
a reference voltage or an input signal, alternatively. The 
switches SI, S2 are used to control if reference voltages 
Vrla, Vrlb are inputted into the comparison unit 64b, and 
the switches S7, S8 are used to control if the positive out- 
put end and the negative output end of the amplifier Qb 



are electrically connected to input nodes IN3, IN4 of the 
output unit 66. As shown in Fig. 12, a positive output end 
and the negative output end of anamplifier Qa are con- 
trolled to be electrically connected to input nodes INI, 
IN2; a positive output end and a negative output end of 
anamplifier Qc are controlled to be electrically connected 
to input nodes IN5, IN6;finally, a positive output end and a 
negative output end of the amplifier Qd are controlled to 
be electrically connected to input nodes IN7, IN8. 
[0049] please refer to Fig. 13, which is a schematic diagram of the 
output unit 66 shown in Fig. 12. The output unit 66 in- 
cludes an interpolating unit 68, a plurality of latches 70a, 
70b, 70c, 70d, 70e, and encoding logic 72. The interpo- 
lating unit 68 has three differential amplifiers Ql, Q2, Q3, 
and each of the differential amplifiers Ql, Q2, Q3has two 
pairs of differential input ends, a positive output end, and 
a negative output end. The latch 70a is used for latching a 
digital bit bl associated with either the comparison unit 
64a or the comparison unit 64b according to a clock 
Vp. Similarly, the latch 70e is used for latching a digital bit 
b5 associated with either the comparison unit 64d or the 
comparison unit 64c according to the same clock Vp. In 
addition, the latches 70b, 70c, 70d are respectively used 



for latching digital bits b2, b3, b4 associated with the dif- 
ferential amplifiers Ql, Q2, Q3. For matching the differ- 
ential output of the amplifiers Qa, Qb, Qc, Qd, Ql, Q2, 
Q3,each of thelatches70a, 70b, 70c, 70d, 70e also works 
in a differential manner. For example, if the input at node 
Aof the latch 70a is larger than the input at node B of the 
latch 70a, the latch 70a outputs the digital bitbl that cor- 
responds to a high logic level. In the same manner, a low 
logic level is assigned to the digital bitbl if the input at 
node B is larger than the input at node A. In the end, the 
encoding logic 72 generates a digital value based on the 
received digital bits bl, b2, b3, b4, b5. 
[0050] please refer to Figs. 11 and 12 in conjunction with Fig. 7. 
The second data converter 60 operates according to the 
timing diagram shown in Fig. 7. If a control signal corre- 
sponds to the high logic level, a switch controlled by the 
control signal is switched on to transfer signals. On the 
other hand, if the control signal corresponds to the low 
logic level, the switch controlled by the control signal is 
switched off to block signals from being transmitted. As 
shown in Fig. 7, the control signals Az, AZla, AZ2aat time 
t3 correspond to the low logic level, but the controls sig- 
nals AZ1, AZ2 correspond to the high logic level. There- 



fore, the comparison units 64b, 64d are in the auto- 
zeroing process, and the comparison units 64a and 64C 
are in the comparing process. At this time, the switches 
controlled by the control signal AZ2a are opened and do 
not establish the feedback pathsfor the amplifiers Qa, Qc. 
Because the control signal AZ corresponds to the high 
logic level, the capacitors C are electrically connected to 
the input signals Vin+ and Vin-. 

[0051] with regards to the amplifier Qa, the differential input 

signals Vin+, Vin-are compared to the reference voltages 
Vrla, Vrlb previously stored by the capacitors C, and cor- 
responding signals output from the positive output end 
and the negative output end are further transmitted to the 
input nodes INI, IN2 of the output unit 66. With regard to 
the amplifier Qc, the differential input signals Vin+, Vin- 
are compared with to reference voltages Vr2a, Vr2b previ- 
ously stored by the capacitors C, and corresponding sig- 
nals output from the positive output end and the negative 
output end are further transmitted to the input nodes IN5, 
IN6 of the output unit 66. 

[0052] when the signals output from the amplifier Qa are trans- 
mitted to the latch 70a, the latch 70a latches the digital 
bit bl in the above-mentioned differential manner. Simi- 



larly, the latch 70e also latches the digital bit b5 in the 
above-mentioned differential manner when the signals 
output from the amplifier Qc are transmitted to the latch 
70e. It is obvious that comparison units Qa, Qb, Qc, Qdare 
divided into two groups arranged in an interlaced manner. 
At the same time, half of the comparison units perform 
the auto-zeroing process and the other half performs the 
comparing process. In the preferred embodiment, an ac- 
tive interpolation is performed so that the interpolating 
unit 68 is capable of generating the digital bits. The oper- 
ation of the active interpolation is described as follows. 
Please refer to Fig. 14, which is a schematic diagram of 
converting curves of the comparison unitsshown in Fig. 12 
and Fig.13.The transverse axis shown in Fig.l4represents 
differential input voltages. The longitudinal axis shown in 
Fig.l4represents output voltages. The converting curve Tl 
represents a voltage conversion characteristic for the sig- 
nal output from the positive output end of the amplifier 
Qa, and the converting curve Tl'Vepresents a voltage con- 
version characteristic for the signal output from the nega- 
tive output end of the amplifier Qa. The converting curve 
T2represents a voltage conversion characteristic for the 
signal output from the positive output end of the amplifier 



Qc, and the converting curve T2"represents a voltage con- 
version characteristic for the signal output from the nega- 
tive output end of the amplifier Qc. A voltage Vrl marked 
on the transverse axis corresponds to reference voltages 
Vrla, Vrlb. In the same manner, reference voltage Vr2 
also corresponds to the reference voltages Vr2a, Vr2b. As 
described before, the intersections of the converting 
curves associated with the positive and corresponding 
negative ends correspond to the reference voltages in the 
transverse axis used to determine the digital bits latched 
by the corresponding latches. For example, if the differ- 
ential input voltages Vin+, Vin- are greater than the refer- 
ence voltage Vrl, the voltage level at the positive output 
end of the amplifier Qa is greater than the voltage level at 
the negative output end of the amplifier Qa according to 
the converting curves Tl, Tl". In other words, the voltage 
level at node B of the latch 70a is greater than the voltage 
level at node A of the latch 70a. Therefore, the digital bit 
is latched at the high logic level "1". On the other hand, if 
the differential input voltages Vin+, Vin- are less than the 
reference voltage Vrl, the voltage level at the positive 
output end of the amplifier Qa is less than the voltage 
level at the negative output end of the amplifier Qa ac- 



cording to the converting curves Tl, Tl. In other words, 
the voltage level at node B of the latch 70a is less than the 
voltage level at node A of the latch 70a. Therefore, the 
digital bit is latched at the low logic level "0". Similarly, 
the digital bit b5 is also obtained according to the same 
process mentioned above. 
[0053] As shown in Fig. 13, the signal output from the negative 
output end of the amplifier Qa is further passed to one 
differential input of each amplifier Ql, Q2, Q3, and the 
signal output from the negative output end of the ampli- 
fier Qc is also passed to the same differential input of 
each amplifier Ql, Q2, Q3. In addition, the signal out- 
putted from the positive output end of the amplifier Qa is 
further passed to another differential input of each ampli- 
fier Ql, Q2, Q3, and the signal output from the positive 
output end of the amplifier Qc is also passed to the same 
differential input of each amplifier Ql, Q2, Q3. Taking the 
amplifier Ql as an example, the signals transmitted from 
input nodes INI, IN5 are processed by the amplifier Ql to 
generate one differential output signal output from the 
negative output end of the amplifier Ql, and the signals 
transmitted from input nodes IN2, IN6 are processed by 
the amplifier Ql to generate another differential output 



signal output from the positive output end of the amplifier 
Ql. The latch 70d then latches the digital bit b4 with an 
appropriate logic level according to the differential output 
signals. 

[0054] | n t he preferred embodiment, each of the amplifiers Ql, 
Q2, Q3 corresponds to a specific voltage conversion char- 
acteristic through proper gain setting. With regard to the 
amplifier Q3, the amplifier Q3 amplifies the signal trans- 
mitted from the input node IN6 via a gain value equaling 
3/4, and the amplifier Q3 amplifies the signal transmitted 
from the input node IN2 via a gain value equaling 1/4. 
Then, amplifier Q3 superposesthese two amplified signals 
to generate one differential output signal outputted from 
the positive output end. The converting curve Tl corre- 
spond to the signal transmitted by the input nodes IN6, 
and the converting curve T2 corresponds to the signal 
transmitted by the input node IN2. Therefore, the voltage 
conversion characteristic associated with the positive out- 
put end of the amplifier Q3 corresponds to the converting 
curve T3 shown in Fig. 14 because of the executed inter- 
polation process. Similarly, the amplifier Q3 amplifies the 
signal transmitted from the input node IN5 via a gain 
value equaling 3/4, and the amplifier Q3 amplifies the 



signal transmitted from the input node INI via a gain 
value equaling 1/4. Then, amplifier Q3 superposesthese 
two amplified signals to generate another differential out- 
put signal outputted from the negative output end. The 
converting curve Tl corresponds to the signal transmitted 
by the input nodes IN 5, and the converting curve T2 cor- 
responds to the signal transmitted by the input node INI. 
Therefore, the voltage conversion characteristic associated 
with the negative output end of the amplifier Q3 corre- 
sponds to the converting curve T3 shown in Fig. 14 be- 
cause of the executed interpolation process. In addition, 
the intersection of the converting curves T3, T3 corre- 
sponds to a reference voltage Vr3 interpolated between 
original reference voltages Vrl, Vr2. 
[0055] with regard to the amplifier Q2, the amplifier Q2 amplifies 
the signal transmitted from the input node IN6 via a gain 
value equaling 2/4, and the amplifier Q2 amplifies the 
signal transmitted from the input node IN2 via a gain 
value equaling 2/4. Then, amplifier Q2 superposesthese 
two amplified signals to generate one differential output 
signal outputted from the positive output end. Therefore, 
the voltage conversion characteristic associated with the 
positive output end of the amplifier Q2 corresponds to the 



converting curve T4 shown in Fig. 14 because of the exe- 
cuted interpolation process. Similarly, the amplifier Q2 
amplifies the signal transmitted from the input node IN5 
via a gain value equaling 2/4, and the amplifier Q2 ampli- 
fies the signal transmitted from the input node INI via a 
gain value equaling 2/4. Then, amplifier Q2 also super- 
posesthese two amplified signals to generate another dif- 
ferential output signal output from the negative output 
end. Therefore, the voltage conversion characteristic as- 
sociated with the negative output end of the amplifier Q2 
corresponds to the converting curve T4 shown in Fig. 14 
because of the executed interpolation process. In addi- 
tion, the intersection of the converting curves T4, T4 cor- 
responds to a reference voltage Vr4 interpolated between 
original reference voltages Vrl, Vr2. 
[0056] with regard to the amplifier Ql, the amplifier Ql amplifies 
the signal transmitted from the input node IN6 via a gain 
value equaling 1/4, and the amplifier Ql amplifies the 
signal transmitted from the input node IN2 via a gain 
value equaling 3/4. Then, amplifier Ql superposesthese 
two amplified signals to generate one differential output 
signal output from the positive output end. The voltage 
conversion characteristic associated with the positive out- 



put end of the amplifier Ql corresponds to the converting 
curve T5 shown in Fig. 14 because of the executed inter- 
polation process. Similarly, the amplifier Ql amplifies the 
signal transmitted from the input node IN5 via a gain 
value equaling 1/4, and the amplifier Ql amplifies the 
signal transmitted from the input node INI via a gain 
value equaling 3/4. Then, amplifier Ql also superposes- 
these two amplified signals to generate another differen- 
tial output signal output from the negative output end. 
The voltage conversion characteristic associated with the 
negative output end of the amplifier Ql corresponds to 
the converting curve T5 shown in Fig. 14 because of the 
executed interpolation process. In addition, the intersec- 
tion of the converting curves T5, T5 corresponds to a ref- 
erence voltage Vr5 interpolated between original reference 
voltages Vrl, Vr2. 
[0057] From the above description, three reference voltages Vr3, 
Vr4, Vr5 are interpolated with proper gain setting de- 
signed for the amplifiers Ql, Q2, Q3 within the interpolat- 
ing unit 68. It is obvious that the digital bits latched by 
the latches 70b, 70c, 70d are obtained by the active inter- 
polation with the help of the amplifiers Ql, Q2, Q3. Please 
note that the amplifiers Qa, Qb have the same character- 



istics, and the amplifiers Qc, Qd have the same character- 
istics. Therefore, when the amplifiers Qa, Qc perform the 
comparing process, and the amplifiers Qb, Qd perform 
the auto-zeroing process, the amplifiers Qa, Qc, Ql, Q2, 
Q3 correspond to the converting curves shown in Fig. 14. 
However, when the amplifiers Qb, Qd perform the com- 
paring process, and the amplifiers Qa, Qc perform the 
auto-zeroing process, the amplifiers Qb, Qd, Ql, Q2, Q3 
also correspond to the converting curves shown in Fig. 14. 
In other words, whenone group consisting of comparison 
units 64a, 64c performs the comparing process, another 
group consisting of comparison units 64b, 64d then per- 
form the auto-zeroing process. On the other hand, 
whenone group consisting of comparison units 64b, 64d 
performs the comparing process, another group consist- 
ing of comparison units 64a, 64c then perform the auto- 
zeroing process. In addition, the Iatches70a, 70b, 70c, 
70d, 70e are triggered by the clock Vp to generate digital 
bits bl, b2, b3, b4, b5 according to the same reference 
voltages Vrl, Vr2 set by the voltage dividing circuit 62 and 
the reference voltages Vr3~Vr5 determined by the active 
interpolation. Therefore, the comparison units 64a, 64b 
correspond to the same voltage conversion characteristic, 



and the comparison units 64c, 64d correspond to the 
same voltage conversion characteristic as well. 

[0058] Though two comparison units 64a, 64b are alternatively 
used to compare reference voltages Vrla, Vrlb and the 
input signals Vin+, Vin-, and two comparison units 64c, 
64d are alternatively used to compare reference voltages 
Vr2a, Vr2b and the input signals Vin + , Vin-, five digital 
bits bl, b2, b3, b4, b5 are generated. Therefore, addi- 
tional digital bits are generated with the help of the inter- 
polating unit 68, and the resolution associated with the 
data conversion is not degraded. 

[0059] As shown in Fig. 13, only three amplifiers Ql, Q2, Q3 are 
used to cause the latches 70b, 70c, 70d to latch digital 
bits b2, b3, b4 according to the interpolated three refer- 
ence voltages Vr3, Vr4, Vr5. However, the interpolating 
unit 68 is capable of having N amplifiers to perform the 
active interpolation. Therefore, N latches corresponding to 
the N amplifiers need to be positioned inside the output 
unit 66 for latching N digital bits. Each of the N amplifiers 
is designed to have a specific gain setting so that N inter- 
polated reference voltages are equallydistributed between 
the reference voltages Vrl, Vr2. In addition to the original 
latches, the N latches are capable of latching added digital 



bits generated from the active interpolation. For example, 
if N = 3, the combination is 1/4, 2/4 and 3/4; and if N = 7, 
the combination is 1/8, 2/8, 3/8, 4/8, 5/8, 6/8 and 7/8. 
Therefore, it is clear that the larger the N is, the more 
possible combination is available. 
[0060] | n summary, the data converter of the present invention 
comprises a group of comparison units performing the 
auto-zeroing process and another group of comparison 
units performing the comparing process to generate cor- 
responding digital signals and outputs of the comparison 
units performing the auto-zeroing process with an active 
interpolating manner. In contrast to the prior art, the data 
converter in the present invention offers several advan- 
tages. It is more flexible. The present invention uses an 
active interpolating manner so that the circuit structure is 
simpler and the resistor network is not required. Thus, 
time and cost for the designing and manufacturingis rela- 
tively reduced, and the operation is more precise. The 
problem of matching incorrectly is therefore also solved. 
The active interpolating manner in the present invention is 
less sensitive to the non-linear converting curves of the 
amplifier. The active interpolation used in the present in- 
vention only requires the converting curves of the positive 



and negative output ends of neighboring interpolating 
amplifier to be odd symmetric to each other and intersect 
at correct positions for the latch circuit to be driven in a 
differential manner. Thus, the requirement of the linear 
range of the converting curves in the present invention is 
lower than that in prior art. 

[0061] The claimed data converter also utilizes interpolating 

units respectively electrically connected between two ad- 
jacent comparison units of the same group. When adja- 
cent comparison units of one group run the comparison 
process, the corresponding interpolating unit is activated 
to generate interpolated digital bits through active inter- 
polation. At the same time, the adjacent comparison units 
of another group perform the auto-zeroing process. 

[0062] The prior comparison units are switched between the 

auto-zeroing process and comparing process one by one. 
Therefore, each comparison unit needs a specific control 
signal. That means the number of the control signals in- 
crease when the number of comparison units increase. 
The conventional data converter requires a complicated 
circuit to generate enough control signals in different 
phase and circuit layout for transmitting those control 
signals to the corresponding comparison units also in- 



creases the circuit difficulty. When redesigning another 
circuit with a different number of comparison units, all the 
timing of the control signals and related circuits must be 
redesigned. In the present invention, one group of the 
comparison units performs the comparing process and 
the other group performs the auto-zeroing process. Only 
two groups of control signals are required to control 
switching of all comparison units between the comparing 
process and the auto-zeroing process in an interlaced 
sense. For instance control signals Az, AZ1 and AZ2 are a 
first group and the inverted signals are the other group in 
Fig. 7. No matter how many comparison units are used, a 
few group of control signals are required. The present in- 
vention simplifies circuit layouts and reduces the manu- 
facturing costs. 

[0063] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



